Use of tenofovir based anti-retroviral therapy (ART) in HIV patients is associated with low bone mineral density (BMD). Low BMD predisposes people living with HIV (PLWHIV) to fractures thereby increasing morbidity and mortality. Since the introduction of tenofovir based ARV regimens in 2011, information on the prevalence of low BMD in PLWHIV and receiving ART is still scarce in Malawi. This study aimed to determine the prevalence and associated factors of low BMD among adults living with HIV and receiving ART in Blantyre, Malawi.
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Introduction
Bone mineral density (BMD) is a measure of bone strength as reflected by mineral content. Dual energy X-ray absorptiometry (DEXA) is globally accepted as a standard technique for measuring BMD performed typically at the lumbar spine and femoral neck [1] . BMD is assessed mostly to diagnose osteoporosis or osteopaenia which can predispose an individual to fractures thereby complicating morbidity and increasing the risk for mortality. [2] .
Regardless of beneficial increases in survival, use of anti-retroviral therapy (ART) in people living with HIV (PLWHIV) is associated with low BMD [3] [4] [5] [6] . An increased risk for hip fractures (hazard ratio, 6.2) among HIV infected patients compared to a non-HIV infected general population has been reported [7] . Compared to the risk of lung cancer (hazard ratio, 3.6) and a combined risk of cardiovascular and pulmonary diseases (odds ratio, 1.58), the risk for hip fractures is higher among people living with HIV [8, 9] . Consequently, risk for mortality and morbidity in PLWHIV and receiving ART could increase due to the increasing risk for hip fractures.
Initiation of ART, irrespective of regimen, leads to increases in bone loss in PLWHIV [10, 11] . A decrease of about 2-6% in BMD in the first two years after initiation of ART regardless of the regimen has been reported [12] . Although reductions in BMD occur at initiation of ART irrespective of regimen, tenofovir-based regimens are associated with more bone loss than other regimens [10, [13] [14] [15] . Compared to other regimens, tenofovir leads to approximately 1-3% greater loss in BMD [10] . After comparing the effects of tenofovir and other ART regimens on BMD in PLWHIV, McComsey and colleagues observed greater decreases in BMD in patients receiving tenofovir-containing regimens than those receiving other regimens [15] . This could be suggestive of an independent effect of tenofovir on bone demineralisation regardless of host, viral and immunological factors. Although tenofovir has been shown to significantly contributes to reductions in bone mass [10, [13] [14] [15] , the World Health Organisation (WHO) recommends tenofovir-containing ART as first line treatment regimens in low income settings. [16, 17] . This could therefore make reduced BMD highly likely among PLWHIV in low income settings [13] .
Higher prevalence rates of up to 85% of low BMD among PLWHIV in low and middle income countries have been reported by a number of studies [18] [19] [20] [21] [22] . Apart from ART, factors such as lack of physical activity (PA), lower body mass index (BMI), female sex, older age, nutritional deficiencies of calcium and vitamin D, depression, contraception use, smoking and alcohol use are believed to contribute to high prevalence of low BMD among PLWHIV [22] [23] [24] [25] . Although most of the risk factors are similar in low income and high income settings [26] , some risk factors such as malnutrition, low BMI and longer duration without ART treatment after the diagnosis of HIV are more common among PLWHIV in low and middle income settings [13] . These factors could make high prevalence rates of reduced BMD unavoidable among PLWHIV in low and middle income countries.
Malawi's HIV prevalence is one of the highest in the world and accounts for 4% of the total number of PLWHIV in sub-Sahara Africa [27] . About 9.2% of the adult population aged between 15 and 49 are living with HIV in Malawi [27] . In line with WHO recommendations [16] , Malawi introduced tenofovir based ARTs in 2011 as first line treatment regimen for PLWHIV [28] . Despite this, there has been minimum effort to investigate the burden of low BMD in such patients in Malawi. In view of the foregoing, this study aimed to determine the prevalence and associated factors of low BMD among PLWHIV on ART in Blantyre, Malawi.
Methods

Study setting
This study was conducted at three primary health care facilities (Limbe Health Center, Gateway Health Center and Dream Center) and one tertiary health care facility (Queen Elizabeth Central Hospital, QECH) located within Blantyre city, Malawi. The health facilities are located in four different townships of Limbe, Mandala, Chinyonga and Ginnery Corner in Blantyre (one health facility per township). Limbe Health Center, Gateway Health Center and QECH are public health facilities that run daily ART clinics for PLWHIV from the surrounding areas. Dream Center on the other hand, is a private health care facility that runs ART clinics three days of the week. All four health care facilities provide ART medication refill for PLWHIV on an out-patient basis. Each day the three public health facilities provide ART refills to approximately 50 PLWHIV, whereas Dream Center serves approximately 25 patients. All four health care facilities have medical consultants supported by nurses who provide ART services to the patients.
Study design and population
This was a cross sectional study involving 282 male and female adults aged 18 years to 45 years and receiving ART at the four health facilities. A random sample of four from a list of 10 health facilities in Blantyre city was selected using the RANDBETWEEN function in Microsoft Excel 2016. Using consecutive sampling, a proportional sample was obtained from each facility. Data were collected from February, 2018 to March, 2019.
Patients were invited to participate and after signing informed consent, were included if they were receiving tenofovir based ART regimens for at least 12 months. Participants who had been on ART for at least 12 months were selected as reductions in BMD are more pronounced after one year [12] . Those with a history of diabetes mellitus or impaired glucose tolerance, an active acute opportunistic infection, rheumatoid arthritis, severe diarrhoea, tuberculosis within one month of commencing treatment, glucocorticoid therapy within the past six months, currently pregnant, breast feeding women, contraception medication use or known to be in renal failure, were excluded because such conditions contribute to reduced BMD [22] (Fig 1) .
Data collection and tools
Demographic data. Trained health workers obtained socio-demographic data from the recruited participants. Data on participants' information on smoking (yes/no), alcohol (yes/ no), calcium diet measured as milk intake more than once per week (yes/no) and traditional medication use (yes/no) was obtained using a data collection form. Data on age (years), ART duration and regimen were obtained from participants' clinical records.
Height and body weight. Body weight (kg) and height (cm) measurements were obtained using a Stadiometer (HS-DBS00361, Model: 1127154) following manufacturer guidelines. Body mass index (BMI) for each participant was calculated by dividing weight measurement by the square of the height measurement in meters (m 2 ).
Physical activity. The International Physical Activity Questionnaire (IPAQ) was used to collect data on PA levels of the participants. The IPAQ comprised questions on frequency, intensity and duration of PA that participants do as part of their everyday life in the previous 7 days. Questions such as "During the last 7 days, on how many days did you do vigorous physical activities like heavy lifting, digging, gardening, aerobics, or fast bicycling?"; "How much time did you usually spend doing vigorous physical activities on one of those days?"; "During the last 7 days, on how many days did you do moderate physical activities like carrying light loads, bicycling at a regular pace, or participating in light sporting events?"; "How much time did you usually spend doing moderate physical activities on one of those days?" etc were asked. To ensure that the questions in the local language (Chichewa) were conceptually equivalent with the English questions in the IPAQ, forward and backward translation was performed by independent translators. The IPAQ was proven to be a valid and reliable tool for measuring PA among adults aged 18-65 years in diverse settings [29] .
Variable minutes spent on doing PA were recorded. The minutes were calculated into metabolic equivalents (METs). METs are defined as multiples of the resting metabolic rate (1 MET = 3.5ml O 2 kg −1 min −1 ) and MET-minutes were calculated by multiplying the MET score of an activity (an equivalence of kilocalories for a 60 kg person) by the minutes performed [30] .
Participants were categorized into low, moderate and high PA levels. Low level PA comprised participants having the lowest PA and did not meet the criteria for moderate or high PA levels. Moderate PA level comprised participants who did 3 or more days of vigorous PA for at least 20 minutes per day. Similarly, participants who performed 5 or more days of walking or moderate intensity PA for at least 30 minutes per day, fell into the moderate PA level category. High PA level comprised participants who performed at least 3 days of vigorous intensity PA accumulating at least 1500 MET minutes per week. Similarly, participants who performed 7 or more days of any combination of vigorous PA, moderate intensity PA or walking achieving a total of at least 3000 MET minutes per week, fell into the high PA level category.
Bone mineral density. All BMD measurements were performed at QECH. Femoral neck and lumbar spine bone mineral density was measured using DEXA [Hologic Discovery-Wi (S/ N 84668), software version 13.5.3.2:5, Hologic Bedford Inc., Bedford, MA, USA]. Femoral neck BMD was measured at the left hip. Measurements of unilateral femoral neck BMD minimizes radiation exposure associated with radiography, time, as well as medical costs [31] . Lumbar spine BMD was measured from the first to the fourth lumbar spines.
Z-scores were obtained as an outcome measure of BMD. The World Health Organisation (WHO) recommends the use of Z-scores (defined as an individuals' BMD in comparison to age-matched normal individuals) in reporting BMD for premenopausal women or men less than 50 years of age, and children [2] . A Z-score of −2.0 or lower is defined as low BMD for chronological age or below the expected range for age whereas a Z-score above −2.0 is within the expected range for age [32] [33] [34] . Participants were categorised as having low BMD if the femoral neck or total lumbar spine Z-score was-2 or less.
Data analysis
Data were analysed using IBM Statistical Package for the Social Sciences (SPSS) version 21. Descriptive statistics using mean and standard deviation (SD) were used to characterize age, height, weight and BMI variables. Data for continuous variables were normally distributed. Student T-tests were used to analyse the differences between lumbar spine and femoral neck BMD. Chi-Square was used to test associations between categorical variables and BMD. Simple linear regression was used to analyse correlations between lumbar BMD and femoral neck BMD. A logistic regression model was fitted to assess effects of PA, smoking, alcohol, calcium diet and traditional medicine on low BMD. Variables for inclusion into the multivariable models were selected based on biological plausibility and those variables with p�0.20 at bivariable level were taken for multivariable analysis. Odds ratios (OR) were obtained to quantify the probability of having low BMD. All statistical tests were two-sided and p values of � 0.05 were considered statistically significant.
Ethical considerations
As participants came for refilling their ART medication, they were requested to attend a health talk regarding the purpose of the study and requesting their participation. This health talk was conducted by the researchers and the health workers at the clinic. After having their ART refill, willing participants were directed into a separate room where the aim and objectives of the study were again explained and screening for eligibility was done. Consent was obtained from eligible and willing participants. All ethical procedures were followed and privacy and confidentiality were ensured by allocating codes to the participants. The study was approved by the University of Malawi's College of Medicine Research and Ethics Committee (COMREC) registration number P.06/17/2206.
Results
A total of 282 adult people living with HIV and receiving tenofovir based ART were included in the study. Height was significantly higher in males than females whereas BMI was significantly higher in females than males (P = < 0.001, two sample T-test) ( Table 1 ). Out of 282 participants, 55 (20%) had low BMD while 227 (80%) had their BMD within the expected ranges for age. More males (28%) had reduced BMD than females (14%) with most of the reduced BMD observed in the lumbar spine. The proportion of participants with reduced BMD was significantly higher among males compared to females (28% vs 14%, P = 0.04, Chi-Square test) (Table 1) .
There was a significant positive association between lumbar BMD and femoral neck BMD (r = 0.66, P<0.001). Fourty three percent of participants had reduced BMD in both the lumbar spine and femoral neck (R 2 = 0.43) (Fig 2) .
On average, lumbar BMD (g/cm 2 ) was significantly lower compared to femoral BMD among all participants (mean difference-0.08, P < 0.001, Paired T-test) ( Table 2 ).
Participants with low PA level (OR 1.23, p = 0.6) were more likely to have reduced BMD than those with high PA level. Participants who were not consuming a calcium diet were less likely to have reduced BMD despite a significant association between no calcium diet and low BMD (OR 0.38, p = 0.004) ( Table 3) . Smoking, alcohol and traditional medicine use were not significantly associated with the occurrence of low BMD. Reduced bone mineral density among HIV infected patients on anti-retroviral therapy in Blantyre, Malawi
Discussion
The main purpose of the study was to investigate the prevalence of reduced BMD and associated factors among Malawian adults living with HIV and receiving tenofovir based ART. Findings of the study reveal a high prevalence of reduced BMD among PLWHIV and receiving ART in Malawi. Findings also show that the occurrence of reduced BMD is associated with low PA level. A comparable prevalence in reduced BMD (23%) was found by Cardeal et al (2017) among 108 individuals living with HIV in Brazil [23] . However, some studies have reported higher prevalence rates of reduced BMD ranging from 37% to 80% among PLWHIV [18] [19] [20] 35] . A slightly lower prevalence in reduced BMD revealed in this study could be due to the age group of participants. The current study recruited adults living with HIV between 18 years and 45 years with a mean age of 37 years. Studies that reported higher prevalence in reduced BMD included participants older than 55 years whose bone mass may have already started decreasing due to ageing. Bone mass increases with age and peaks between ages 25 and 30 years, thereafter bone mass starts to decrease leading to low BMD [36] . After 30 years of age, BMD is maintained for about 10 years before it starts to decline at a rate of about 0.3-0.5% per year in both males and females [37, 38] . At ages between 45 to 55 women lose more bone mineral than Reduced bone mineral density among HIV infected patients on anti-retroviral therapy in Blantyre, Malawi men after which the rate of bone loss is gradual and the same in both sexes [38] . A rapid loss of BMD in women between ages 45 to 55 is attributed to decreases in oestrogen production as the menstrual cycle ceases during this period [37] . Therefore, a slightly lower prevalence in reduced BMD among PLWHIV revealed in the current study compared to other studies could be attributed to bone strength associated with younger age of most of the participants.
Notably, more males in the current study had reduced BMD than females with most of the reduced bone mass observed in the lumbar spine. Despite comparable body weight, evidence on bone physiology indicate that males have more bone mass than females due to differences in skeletal muscle mass and the body's response to changes in hormones [39, 40] . In line with bone physiology, a recent study by Erlandson et al (2018) has reported BMD reduction twice as quickly among HIV infected women compared with men [41] . However, 24% of female participants in the study by Erlandson et al were menopausal thus leading to more BMD decline [41] . Pronounced decreases in BMD among women has been attributed to large decreases in oestrogen during menopause [39] . Contrary to findings by Erlandson et al, the current study did not include female participants in menopause. Pronounced decreases in BMD at lumbar spine among males found in the current study could be due to lifestyle activities among Malawians. In Malawi most females, as opposed to males, carry loads on their heads which likely impacts the lumbar spine which could in turn lead to high density in lumbar spine bones. Consistent with other studies [42, 43] , a significant positive correlation between lumbar spine and femoral neck BMD was revealed in the current study. Closer to half of participants who had reduced BMD in the femoral neck were also likely to have reduced BMD in the lumbar spine. With the significant level of correlation, findings of the current study suggest that lumbar spine BMD could be used to predict femoral neck BMD among PLWHIV and receiving ART in Malawi.
Contrary to the current findings, some studies have reported greater reductions in femoral BMD than lumbar BMD among people living with HIV [35, 41, 44] . However, these studies reporting more reduced BMD in the femoral neck than the lumbar spine were conducted among western and Asian populations who have different PA lifestyles compared to Sub-Saharan African populations. Since bone strength depends, in part, on mechanical stress or mechanical loading, an individual's physical activity lifestyle can play a role in either increasing or reducing BMD [37] . Lower BMD in the lumbar spine compared to the femoral neck observed in the current study could be due to PA of Malawians such as walking long distances to work [45] which may impact the femoral neck bone thereby increasing BMD.
The likely occurence of reduced BMD among participants with low PA level revealed in this study is supported by growing evidence that demonstrates a negative impact of low PA on BMD [24] . Guidelines for good bone health recommends PA as an important component in preventing bone loss among PLWHIV [46] . As demonstrated by Santo et al (2015), significant improvements in BMD were revealed among 20 PLWHIV after particpating in a 12 weeks strength exercise programme [47] . Suggesting that PA could play a role in mainting BMD among PLWHIV. Current findings supports foundation evidence for considering PA as an intervention for managing reduced BMD in PLWHIV.
Being the first in Malawi, this study adds to the body of knowledge on prevalence of reduced BMD among PLWHIV in resource limited settings. The study also provides valuable information on PA and bone health for Malawian adults living with HIV and receiving ART. On the other hand, the current study used a subjective approach of obtaining PA levels through self-reported questionnaire which may result in reporting bias. In addition, the change of BMD over the period of treament could not be established due to the cross sectional design of this study. In addition, most references in the current study reflect circumstances in western countries due to lack of BMD data on large age related healthy African cohorts that could be used for refernce. Furthermore, the current study did not collect data on viral loads or CD4 cell count to determine ART adherence and the cumulative effect of tenofovir exposure among those with reduced BMD. Longitudinal studies aimed at evaluating BMD dynamics in relation to PA are therefore warranted.
Conclusions and recommendations
Reduced BMD is prevalent among Malawian adults living with HIV and receiving ART. Among those with reduced BMD, males had more bone loss than females which may contribute to more incidences of stress and osteoporotic fractures among adult Malawian males living with HIV. Most of the BMD among males was observed at the lumbar spine. The occurrence of reduced BMD was more likely in those who had low PA level. There is need for health care providers to routinely monitor BMD and PA level of this population. In addition, there is need for further research on the effects of exercise interventions on BMD among PLWHIV. 
